Silicon-Organic Optical Computing
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Why Silicon?

Silicon is the world’s premier material for
making nanostructures

Billions and billions of dollars of
infrastructure for making silicon devices




Applications for Silicon
Integrated Optics
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CMOS Photonics

“In ten years optics will come on every desktop
chipset”.

- Intel Communications Group VP Eric
Menizer 4/22/02

Copper fails at shorter distances
as speeds increase over time
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Modulators
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Silicon-Polymer Photonics

Organic molecules can be
designed and synthesized that
have the highest optical o
nonlinearity known to man. ponmers

Silicon waveguides provide g
Self-assembled |

extraordinarily high mode i
field confinement aiso §

polymers :
Taken together, these two N
observations create an chan Lo potmare
opportunity to make light GuestHost eswo
interact with light in e N0 Poymid
unprecedented ways.

1990 1995 2000 2005




But wait, there’s more...

* We can gain an additional improvement — slot waveguides
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uide EO Modulators

Feb. 21, 2005 “High-Q
Resonators in Silicon-on-
Insulator-Based Slot
Waveguides,” T. Baehr-
Jones, M. Hochberg, C.
Walker, A. Scherer, Applied
Physics Letters, 86 (8):




Lithographic Scaling
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0.25 V Electro-optic
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What would an optical
transistor look like?

We’ve built all-optical modulators operating at o Wbl
2.5 Terahertz ||||'|||||"||||||| u'”n

— 1,000 times as fast as today’s computers, el
operating at ~3 GHz Drain
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Conclusions

 We are on the cusp of being able to do true all-
optical logic with bandwidth >1,000 times that of
today’s electronic circuits

e There are huge opportunities for making unique
devices for applications in:
— Biosensing
— Aerospace and defense
— Digital and analog data communications

— Revolutionizing computer architecture




